Abstract-Cognitive radio is an intelligent radio that can be programmed and configured dynamically to fully use the frequency resources that are not used by licensed users. It defines the radio devices that are capable of learning and adapting to their transmission to the external radio environment, which means it has some kind of intelligence for monitoring the radio environment, learning the environment and make smart decisions. In this paper, we are reviewing some examples of the usage of machine learning techniques in cognitive radio networks for implementing the intelligent radio.
I. INTRODUCTION
The concept of cognitive radio was first proposed by Joseph Mitola III. It was designed for mitigating the scarcity problem of limited radio spectrum by improving the utilization of the spectrum. Based on Joseph's proposal, it was a novel approach in wireless communications, which was described as the point in which wireless personal digital assistants (PDAs) and the related networks are sufficiently computationally intelligent about radio resources and related computer-to-computer communications to detect user communications needs, and to provide radio resources and wireless services most appropriate to those needs [1] [2].
Cognitive radio is considered as a goal towards which a software-defined radio platform should evolve: a fully reconfigurable wireless transceiver which automatically adapts its communication parameters to radio environment and user demands. Traditional regulatory structures have been built for an analog model and are not optimized for cognitive radio. Regulatory bodies in the world as well as different independent measurement campaigns found that most radio frequency spectrum was inefficiently utilized. The frequency bands that have been allocated to different licensed user are insufficiently utilized. To address the frequency shortage issue, cognitive radio is treated as a promising solution. [2] To perform its cognitive tasks, the CR users should have the ability to monitor the surrounding radio environment, take essential measurements and make intelligent decisions to reuse of some under untilized frequency resources. There are several main areas of study as show following:
Spectrum sensing: Detecting unused spectrum and allow the CR user to access it without bringing harmful interference to the licensed users. It is an important requirement of the cognitive radio network to sense empty spectrum.
Spectrum management: Capturing the best available spectrum to meet user communication requirements while not creating harmful interference to the licensed users. It also responsible for monitor how long the spectrum holes are available for the CR user to access them.
Spectrum sharing: it takes care of distributing the sensed idle spectrum bands among the CR users and meet certain level of fairness among all CR users [3] .
Machine learning is an approach of implementing Artificial Intelligence (AI), which is defined as the intelligence that exhibited by machines or software, dealing with the construction and study of systems that can learn from data, rather than follow only explicitly programmed instructions [4] . Since cognitive radio is defined as an intelligent radio for make the best use of the frequency resources, machine learning have been introduced to CR for implementing the intelligent radio [5] . In this paper, we study the current application of machine learning in cognitive radio in variety of areas.
II. MACHINE LEARNING FOR SPECTRUM SENSING
Spectrum sensing is required in cognitive radio in order to help the CR users find the spectrum holes. In [8] , the author proposed a cooperative spectrum sensing (CSS) schemes based on machine learning techniques. In the context of CSS, they treat an energy vector, each component of which is an energy level estimated at each CR device, as a feature vector. Then, the classifier categorizes the energy vector into one of two classes: the channel available class (corresponding to the case that no PU is active) and the channel unavailable class (corresponding to the case that at least one PU is active).
The proposed machine learning-based CSS techniques have the following advantages over the traditional CSS techniques.
1. The proposed techniques are capable of implicitly learning the surrounding environment (e.g., the topology of the PU and the CR networks and the channel fading) in an online fashion. Therefore, the proposed techniques are much more adaptive than the traditional CSS techniques, which need prior knowledge about the environment for optimization.
2. The proposed techniques can describe more optimized decision region 1 on the feature space than the traditional CSS techniques (e.g., OR/AND-rule-based and linear fusion techniques) can, which results in better detection performance.
In [9] , a machine learning based multiband spectrum sensing policy has been proposed. In the policy the greedy method has been used to track the occupancy statistics of the primary user and to estimate the detection performance of the secondary users. Employing the greedy method the policy is able to select the subbands to be sensed and possibly accessed that consistently provide spectrum opportunities with high throughput for the secondary network, thus increasing the overall sum data rate. Using the knowledge about the detection performance, the policy assigns those secondary users to sense the interesting subbands that are able to meet a desired miss detection probability. The sensing assignment is found by formulating a binary integer programming problem where the objective is to minimize the number of sensors D per subband, while ensuring the desired detection performance at each subbands.
The benefit of minimizing the number of sensors per subband is obviously improved energy efficiency. Instead of reducing the SU battery consumption, this type of policy could also be used to simultaneously scan more subbands by employing the unassigned secondary users to sense other parts of the spectrum. mds
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IV. MACHINE LEARNING FOR POWER ALLOCATION
In [10] , the authors have proposed a decentralized Qlearning algorithm to solve the problem of power allocation 
IX. CONCLUSIONS
Cognitive radio is an intelligent radio when can made learn from the radio environment and intelligent decisions to use the underutilized frequency resources. In this paper, we reviewed the serval typical application scenarios based on machine learning techniques in cognitive radio. It shows the machine learning is a very promissing for implement intelligent cognitive radio.
